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SIX-COMPONENT MEASUREMENTS ON A STRAIGHT AM) A

35° SWEPT-RACK TRAPEZOIDAL WIN(ltiTH AND

WITHOUT SPLIT FLAP*

By G. ‘.I!hieland F. Wlsstnger

SUMWRY

me six-oomponent nwasurements on a straight and.a

(ba Zi
35° swept-baok trapezoidal wing ~ = 5; — = 2;

28

IV~CAairfoil section 0012; normal rounding of tips), .
tiioh differ from eaoh other only in sweepbaok, have
lndioated the following results:

A. Uhstalled Flow Regium

Without flaps the rolling moment due to yaw of both
wings (for P >0) is positive, the leading wing Is
raised, the yawing moment due to yaw negative (restoring),
A comparison of the straight trapezoidal wing with the
corresponding strai@t rectangular ti~ Indtoates that.
the ma@tude of.the moments Is reduoed by the taper, as
stipulated by theory; the agreement is also cood quanti-
tatlvelym me magnltuda of the rolllng moments due
to yaw and of the yawing moments due to YAW is substan- .
td.allyincreased by the sweepbaok;~thh effeot is likewlse .. ~.
reproduced satisfaotorlly by the theory~

Even with flaps the”rolling moments du& ta yaw and . “
1 the yawing mo’mnts due to yaw are greater on @e wtng with
m

“Se&sko&onenten mes~=n ei~m geraden uqd
elnem 35° rtlekgepfeiltenTrapetilUgel dme und mlt
Spreizklappe.” Zentrale flirwtssensohaftll.ohes Bsrhht-
swesen der Luftfahrtforsohung des “Generalluftzeugm isters
(-), ~tersuohungen. und M-tteilungen ??o.1278.
Aug. 1, 194.40 “.
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sweepbaok than on that Wt&out it. On

.

NACA TM ~0. 11~

the strai~t wing
a fl=p deflection has the effect of a variation ln profile
cmtiber: at Oa = O a negative rolling moment due to yaw
exists, while the increase with Oa is about the same as

Wlttloutflaps. On the swept-back”wing also tie increase
of the rolling momnt due to yaw with Ca is not essen-
tiallymodlfied by flap deflection, but the moment is
considerably dependent on the flap tidth at Ca = O; wtth

2
0 percent flaps the swept-back wing has the S- (nega-
ive) zero-ltft moment as the stral~t wing, while for
the full span (100 percent) flaps a zero-lift moment of
about twioe the moment and opposite (positive)prefix was
reoorded. This ties In with the observation that the lift
of ti’estraight wing with flaps in WW remains zero under
oonstant angle of attack, when it disappears for p=o,
mile the swept-back wing in this instanoe reoeives pos\-
tive lift. These phenomena, which rest on the faot that
on the swept-baok wing the ad~ustment of the angle of
attaok is not aooomplished by rotation about the 2/1+ line
as on the straight wing, oan be explained theoretically;
the agreenmnt with the test data is good.

.

B. Behavior At Maximum Lift

Exoept for too small Reynolds numbers the maximum
lift, especially the effeot of flap deflections, is
reduced by sweepback, as proved by the present measure-
~nts. However, the effect is known to be greatly
dependent on the Reynolds number, so that the scoured
data cannot be arbitrarily generalized. Noteworthy - in
oontrast to other swept-back afrfoil Masurenmnts at
titil~ Re - Is a comparatively high Oa Increase

owing to flap defleot~on.

The breakdown of flow on the swapt-baok wing Is
characterized by great sudden vsriatlons In the rolling
mommts dw to PW with minor lift changes as well as by
tail heavy (stalling) aoting variations of the pitching
moment, while the rolllng-moment variations of the “
straight wing are somewhat smaller and associated with
great lift changes and nose-heavy pitching-moment varia- ~
tlons. The cause of this dlsslmllar behavior Is that the
flow on the strai@t wing breaks down first in the central
part of the span, on the swept-bac$kwing first at the tips.

. . .-
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.. . . . I. INTROJJJCTION

In accord with the test program (published in refer-
enoe 7) the wing In question is briefly designated as
No. 5. It differs from the rectangular wing (No. 1) dis-
cussed In reference 7 by its taper and from the
55° swept-back trapezoidal whg (No. 9) treated in refer-
ence 8 by the absence of sweepbaok.

Since the effect of’sweepbaok can be investigated
only in the light of’the data on the straight wing an
Interpretation of the test data on the swept-back wing
was omitted in (8). The present report consists there-
fore of two principal parts: section V deals above all,
respectively, with the straight trapezoidal wing (No. 5)
and by having recourse to the rectangular wing (No. 1)
with the effect of taper, while section VI is prlmarlly
concerned with the swept-back wing (No. 9), and with
wing No. 5 merely as comparative wing.1

11. NOTATION

Lift, drag and transverse force are referred to the
wind axis system (TCN L 100), the pitching, rolling,and
yawing moments to the experimental spten of axes
(of.reference 5 ) . The orlgln the coordinate systems Is
placed on the profile chord of the central section at
1A wing chord. While the pitching mom;nt of the swept-
back wing (No,’9) is, us in reference referred to
the measured quarter-chord point of the &ooth wing (no
landing alda), the lateral axis placed at quarter-chord “
point which Is little behind the measured neutral point,
was chosen as reference axis, as for wing No. 1. For the
rest of the definitions see figure 1.

v airspeed

P . .aZrdensity ....

lAccord~ng to oral report from the Wnkers Co.
comprehensive test data on swept-baok wings (especially
also with flap deflections)are available but have never
been made public.
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dynamic pressure “

wing area

span

wing chord

wing chord inside (wing center).

wing chord outside (wing tip)

mean +Wmg chord
.

aspect ratio

taper

angle of sweepback (referred to 1A llne,
positive for swept-back wing)

.

Reynolds number

geometric agle of attack with respect to
tunnel axis

angle of attaok corrected for slipstream
inclination, tunnel-wall interference
effect and wire long~h

angle of sllp

lift

drag (ln air-stream direction)

transverse foroe (perpendicular to air-
stream dlreotton)

lateral force (spanwlae dl.rectlon)

#
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M= %w~ pitching moment
-.. . .

“i Mn = %n~h - pltchlng moment (referred to neutral poht
of smooth wing)

; L= cL+ rOilhg moment m

5

I
i
.1 N = CN+ ytiwlrigmoment

dca
Caf = —

da
‘lift Increment

Cal= (dcarmofile Canstant
)

—atA=W
d.a

The subscrint O indicates that the respective coef-
ficient is to be taken at ec~ual @ for Ca = O.

The subscript g slgnlfles that the coefficient
refers to equal u at @ = O (g = straight air flow),
subscript Pf th:~to.l.ythe sweepback effect (the dif-
ference-between the win~ with anti-without
considered.

111. DESCRIP&ON OF MODEL

sweepback) Is

Wing No. 5 was manufactured of reinforced plywood-,
its dimensions are given in figure 2. The 2/4 line Is
straight,the taperZamaunts to 2. Without end cap the
wing span is 1.5 m and the mean chord 0.3 m, hence the
aspect ratio A = 5. On account of the ‘~normallirounding
of the tips (semicircularwith the local half profile
thickness as radius) with which the wing is fitted, wing
area, span,and aspect ratio are increased by 0.7 percent,
1.6 percent cnd 2.5 percent; howevar,the coefficients In
the following are always referred to the mass of’non-
rounded wing (F = ‘0.45 m2; b = 1.5). Apart from the
end cap the wing has the NACA section 0012 along the span;
dihedral and warping are absent.

.
The split flaps,whloh extend 100 percent and

50 percent (inside) across the span, were attached at
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80 percent wing chord and formed a @ angle with the—
profile tangent (fig. 2),

IV.-

The

TESTING PROCEIXIRE

tests were run in

AND INTERPRETATION OF TESTS

the medtum wind tunnel of the
DVLat q= 156 k~~z ,Re = 1 x 104) dynamic pressure.
The six-mmponent measurements were run over the angle-of
yaw, that is, angle p was varied at 5° each between 0°
and -30° with fixed angle of attack ~, For p = *2O2

(and naturally for p = O) the angle of’attack was varied
for fixed ~. Because of the symmetry control the measure-
ments were always made f’orpositive and negative (1, and
also for several negative Ca values on the wing without
and with 50 percent split flaps. The symmetry was
satisfying, though not quite as good as on wing No. 9,
which being of all metal, could be manufactured particularly
accurate. The asymmetry of the drag with respect to u,
already observed on wing No. 9, was noted again.

The suspension system is illustrated in figure 3.
To avoid a disturbance of the transverse force, no moment
lever was used, the wire leading to the moment balance .
was attached to a smull eye looated directly behind the
wing trailing edge and also carried part of the initial
load. The rest of the Initial loud behg on a tire which
applied on the straight line connecting the two forward
bearings, This wire forms the sole disturbance of the
suotion side, so that it can be regarded as practically
undisturbed. Care was again taken to prevent any air
from passing from the pressure side to the suction side. .
The wires were of round section.

The angle of atta~k a is corrected for tunnel-wall
interference effect. Me wire length, however, was then
not taken Into consi.deratlon,since Its effect on a waa
very small nccordlng to several sampling tests. The cor-
rections on the forces and moments followed the customary
prooedure, with due consideration to the relationship J
existing between angle of uttack aK and pitching-moment
correction.

In tho charts with respect to a (figs, 7 to 9) a
correction of the symmetry with respect to ~ was omitted
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.as in reference 8, while,in
the test values avezuued for

7

tQqse with respect to p
*I3 are”-rbbi-esented.The

derivations with resp;ct to ~ ‘were for&ed by divi&g
the test values averaged for P=50 by” 5X&j” ●

V. RESULTS OF TESTS ON STRAI~T WING,

COMPARISON WITH THEORY

A. Straight Alr Flow

‘--- 7+%4*=%%=WE1. ‘W4thoutflaps (flea
curves ca(a), c,:(’i~, ~ a
the ~ ‘curve, wkich as on the rectangular wing (refer-
ence 7, fig. 7) sets in at about u = 60 and is at the “

dca
same time associated with”a temporary rise In ~a The

curve of ca(a) for wing No. 5 and wing No. 1 1s, up to
the c~u of the latter, almost identical (theoretically

dca
the —

da
of wing No. 5 should be about 2 percent greater),

the ~m of wing No. 1 is about 2°, the cam=
about 0.03 smaller than for wing No. 5. The polar Ca(Cw)

of both wings agrees up to %Wx J while theoretically
the induced drag of wing No. 1 should be about 4 percent
higher than that of wing No. 5.

2. 100-percent flaps (figs. 6 and 9).- With split
flaps over the entire span he maximum lift coefficient
for-ti-ngNo. 5 is 0.2 higher than for wing No. 1 (cf. refer-
ence 7, fig. 9). “Uhusualand not quite explainable Is
the dissimilarity in zero lift angle - 12.8° for wing
No. 5 and -12° for wing No. 1. T&ts as well as the
(slight)curvature of ca(a) and the substantial curva-
ture of’ q(a) near Ca = O is perhaps attributable to
separation phenomena. As for the rest, the difference
In the w of both wings is due in part to the faot
that the coefficient was’formed with the reference

F“chord 2m = ~ rather than with the so-called aerody-

namic wing chord. The conversion of tie %0 = o“203
value of wing No. 1 to No. 5 would give W. = -0.211, as

against Wo = -0.228 by measurement. The polar of wing

m m ■ . . . . _ . . ..—.
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No. 1 Is shifted tow-d the right by the constant amount
Acw = 0.28, for which also no true reason can be seen.

,0 ,eL%%ws&:pk!fi:::‘%%; %w:pwer
smaller than that .ofwing No. 5. The zero lift angles are
-8.3 percent for wing No. 5 and -7.3° for wing No. 1.
Utillzlng the profile characteristic ~ = -120 gives,
theoretically, a. = -’7.25° for wing NO. 5 and + = -6.760 -
for wing No. 1. That the measured difference exceeds 0.5°
is probably due to the deviation with full-span flaps.
me refict~~n of the moment %0 = -0“103 measured on the
rectangular wing to the trapezoidal wing gives ~o=O.flQ

instead of the meas~red %0 = -0“~-5 ● The ~nduced drag
of the rectangular wing Is less than that of the trape-
zoidal wing.

B. YAWED FLOW

A correlation of the test data
flow2 Is to be found in the figures

for the area of sound

13 to 16, while the
adjoining figures Indicate further interpretations of ~
these results. Regarding the various coefficients the
following should be notedz

1. uft.- Divldlng the lift existing for angle of
yaw ~he lift at ~ = O and equal angle of attaok
should give, theoretically, Coszp. This law is very
rigorously complied wi h,

~
for both with and without flaps,

according to figure 21 .

This departure might in a large measure be attributable
to the instrumental inaccuracy caused by the smallness.

2At the highest angles of attack shown, breakdown
phenomena are already vlslble in part.

31n figures 21 and 22 points which actually should
merge are pulled apart alcng the @xis, that is, placed
along side each other.
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of ow and In part to.the friotlon dr~ which certainly
“’hged”notheh-~v~llkg” c@2~~- ‘With 100 p&oent flaps the
test points cw/~wg lie better.mz the curve CoSap,

while In this lnst~nce, wing No. 1 ratier ~ollowed a
cos3~ law. “

At zero lift the drag of the wing with”contlnuous
sp~lt fla~s consists practically only of pressure drag
introduced by the dead-air region of the flaps; the
resulting force is therefore parallel to the plane of
symmetry of the wing in yawing. Since the effective air-
speed In yawing becomes smaller by the faotor Cos p,

\
the pressure drag varies.by the factor cos2p and hence

~ the drag coefficient (Cw)ca=o (par~llel to wind direc-

~
tlon) by the factor Coszp. Why the wing No. 5 in con-
trast to wing No. 1 does not follow this law is not\ evident. Theoretically, the in?iucedmdragmust, as
explained In reference 7 act as cos~p.

3. Pltohlng moment.- For the pitching moment with
and without flaps the Coszp law also agrees very well
(cf. fIg. 23), that is, the neutral point and the oenter
of pressure position are not affected by yawing, $t
high ca values the variation with flaps is a llttle

less than cos2p.

4. Transverse force, cross-wind force.- With the
ooeffioi.entsof pressure, friction, and induced drag
denoted by CwD, %Rs and Cwl (where *D and Owi
signify forces perpendicular to the 2/4 line, while ~~R
Is parallel to the wind), ..

Cw =.00S ~ (Cw~+ Cwi) + CwR (1)

Cq = -81n @ (cwD-+ Cwi) = ‘tg~ (Cw - CWR (2)

‘y ....= Sin ~ % cwR ., . (3)
h .

there~re . .“

q
~= (

- Cwg - WRg) (4)

.
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bcy
“—’%Fig
3P (5)

.

For the friction drag CWR “without flaps the profile
ara~ ~p may be ,used. Nothing 1s known about the f’riC-
tion drag with flaps, so for the want of something better
the value Cwp without flaps will be used. .

Without flaps formula (~) agrees completely, as seen
in figure 17. The agreement is also satisfactory with
flaps; It would become better even in this case after
strlklng of the friction term.

The cross-wind force Is not measured directly by the
balance of the medium wind tunnel, but computed from the
transverse force and the drag”. Since these are not very
accurately measured and largely carried out for the
composition of the cross-wind force, the determination
of the cross-wind force is not very reliable as evinced
by the marked scatter and the infe~lor systematic curve
distribution of f@res 16 and 18. Lbreover, hegattve

bcy.
values of

q
D as they occur on the wing with flaps,

seem quite l~robable. In view of this instrumental
bc

Inaccuracy and the smallness of # no agreement.with

theory is of course to be expected: At any rate formula (5)
-without flaps agrees at least in order of magnitude,
. b.

5. Rolltu moment.- In figure 19 the derivation —
b; ‘

of the rolling moment due to yaw is plotted against the
lift coefficient. By theory (reference 11)

% bcLo

[

+ 2_x 1 + 0.15 (z - 1)
~=~ A

1
- 0.10 Cag (6)

Z+l

For wing No.

by reason of

bLo
5 without flaps — should really be zero

bp
the symmetrical profile; that the measured

., m—m —~
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mrve does not go exactly through the zero point Is lllcely
“- to be “duekodesign or jeb in&COUrRC.i.q690.For the emplric$al

factor x, the value x = 1.2 1s’optimum (cf. ref’Or-
ence 1 and 11).and figure 19 actually shows the theoretical
Cuve with x = 1.2 to be coincident with the measured
curve to a large extent. A flap deflection should aot
like a profile camber on the rolling moment due to yaw,
that is (reference 3 and 12) It should .

‘Lo—= ~c “
2$. A ~

(7)-

where cm 1s the measured zero lift moment of the whole
wing. With the previously emplo~ed

for 50-percent flaps,

cl% values we get,

~ CMO = -0.05s, and for full-span

flaps,
t c% = -00091 and correspondin&ly &coording to

bcyo
figure 19

h~o
— w -0.0(38 and — = -0.049. Admittedly
dp ap
?n~

the curve — (ca) of the wing with 100-percent flaps
bp

diverges, like CU{Ca) within range of small ca, con-
siderably from a straight line and therefore tha recti-

ac~ “
linearly extraploated value must be taken for —

ap
exactly as for

c%”
Extrapolating the s ralght portion

k
between ca = 0.9 and ca ~ 1.5 gives Lo— = -0.13

bp
instead of -0.049. So with this nmdification even the
formula still is inaccurate and.its application to win&s
with flaps Is therefore very ron@, quantitatively. With .

ac~
50-percent flaps the rise in “the strai~t parts of — (o~)

ap
is sllghtly less than with 100.percent flaps; on the
average it is about equal to the rise of the w“ingwithout
flaps. .

6. ~W@f moment.- For the yawing moment due to yaw
of the wing without flaps.the formula
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. (8)

glveti!with x = 1.2 a little too great a (negative)rise .
over Cag2 (fi~. 20), as previously observed on the
rectangular wing. The marked deflection of the curves
near = o, with flaps, is certainly related with the
simll~aphenomena observed at cL and CM, and might
be due to separation of flow. But even In the rest of

?)CN
the ca range the curve of ~ (Ca2) iS far from

straight. An explanatIon for It may be found In the hint
given in reference 11 that on cambered proftles a term

hc~
-(a - an) —, according to formula (8), should be added .“

afl
to the yawing moment, because when plotted against ca2
this term Mnear in ca would cause a curvature of the

ac~ ac~
curve. Thus adding (a - a.) — to the measured

5P . ~
should produce a linear ourve over Caz, as actually is
the case for the wing with 50 percent flaps according to
figure 20 (aside from the Irregular vlclnlty of Ca = O).
No corresponding test was made with 100 percent flaps,

bc~
since it was not quite clear what value to use for —

bp ‘

VI. COMPARISON OF THE TEST DATA OF TIE SWEPT-BACKWITH

for
The

THOSE OF STRAIGHT TRAPEZOIllAIJWING AND WITH THE

THEORY OF THE SWEPT-E4CK WING

A. Straight Air Flow

Figures 4.and 9 show the ca(a), ca(w), and ca(c~)
the sweepback wing of reference (8) as dashed curves.
comparison discloses the followlng:
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th lift b~;-l%%::r?z 0’
--1..without fla s (fi so

attack e
that of the wing”without sweepback. Near a = O the

dca
swept-back wing dmws ~ = 3r69 and the straight win~
ma

—.
— = 3.89, hence a deorease
da
whl,leby the formula @.ven in

—

Cag =
TrA

c~1
1+

ti

of 5 percent by sweepbaok, “

referenoe 12

.
~“s Q (Cag)q=o (9)

a decrease of ~ ~eroent should be expected. Considering
dca

the uncertainty In the exporlmental determination of —
da s

this result agrees wltihthe experience cited in refer-
ence 10, that experience indicates B llft decrease only
half as greQt as formula (9).

The sweepback reduces the maximum llft coeffloient
by 0.13, and the related a~le of’attmck by about 2°.
However,these %llax differences are, like the still
greater dj.fferenceson the wing with ilaps, intimately o

1~a n~ber; they inmease~related with the Reyno.. at first,
with Increasing Re hnd Mien bGcome smaller again (refer-
enceab.and 6). Unususl Is the smoother lift deorease of the
swept-back wing after exceeding the maximum llft. mi s
is due to the separation of’flow at the wing tips, where
the lift loss Is not so great md with increasing angle
of attack progressively moves toward the center, while
the straight wing breaks down fairly suddenly f’romthe
center over a large part of tie span,

The polars Ca(Cw) of both Wings are almost identical
up to near ‘%la ‘ the induced drag is therefore not
modiPied by the sweepback, whloh agrees with the theory
within the framework df the instrumental.accuraoy~
Theoretically, It should be 2 percent greater than on the
straight wing. IIowevm,thts result may not be generalized
to other tapers.
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On the pitching moment .the dissimilar behavior after
exceeding the rnaxfti lift is of pr~ary Importance. The
moment experiences an abrupt variation, nose-heavy on the
straight wing, tail-heavy oh the swept-ba”ckwing. The
behavior of the straight wing is explained by the backward
movement of the center of gravity at the flow separation,
while on the swept-hick wing this effect As over-balanced
by the simultaneously incipient lift loss at the wing tips.

The measured neutral point of ye swept-back wing
lies at 0.769 mean wing chord ~ = ~ behind t~ of

the wing center section. By-the L-method (reference 10)
the value is a x ~ = 0.)&73X ~ for the distance of’the

load-center of gravity of one wing half from the plane of

symmetry and hence ~Atang= 0.7~3 for the shifted neutral

point (referred to 74m) nroduced by the sweepback, whereby
It is to be assumed that the neutral points of the indi-
vidual profile sections are not changed by the sweepback.
Observing that the neutral point of’the straight wing
lies 0.035Zm before 1A, gives a backwhrd position of
the neutral point of O.71+8Instead of the measured 0.769.
That the computed point lies 2 percent Zm be~ore the
measured point.might be due to the fact that the cited
assumption is not entirely correct: as indicated by the
pressure-distributionmeasurement the suction peaks in
wing center are materially diminished by the sweepback,
thus causing a backward shifting of the neutral point of
the profile. By the Multhopp method (reference 3) we

get a = O-4723, : xAtan q = 0.C26 and 0.’791 for the

backward position of the neutral point, hence a value
2 percent too high.

Although the profile is symmetrical, wings Nos. 1, 5,
and 9 manifest at ca = O a negative valuo of ~. other
than zero. To what this phenomenon Is attributable
(suspension ?) Is not quite clear.

2. 100-percent flaps (figs. 6 and 9).- The sweepback
reduces the zero a~le of attack from -12.70 to -12.00.
Whether this is confected with the irregularities of the
zero lift angle mentioned previously or whether the
theoretically anticipated effect, that the zero lift angle
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owing” to flap deflectionby. sweepback ts ..~@uoe_dby a
faotor ranging between 1 and cos q is gnvolved,-la
lmYs6ible to decide. The .Oa(a) ourves we severely...

cmrved; in the range o~”ag 100 we get “~ =“”3*7b
dc~ .

f’Ol?Wi13fJ tiO.. 5 and ~ = 3D31# fOr ting No. 9, or a. ...
doa

deorease of ~0 peroent In ~ due to sweepbaok, whtoh

is.020se to the theo~etlcal 14 percent. l%e ‘sweepbaok
lowers the O- .from2.10 to 1.58. m? IS; due h.”

dca
part”te th’ede~eas~ ~11 — “butm greater measure h

du’ “ *
the drop in .~u from 189 to 13°~ .The”ab~pt -P .
In oa behind ~u is increasedon both wings by the
flaps, although Its magnitude on the swept-back wing is
s~lghtly less than a third of that on the straight wing.
The corresponding pitohing+oxnent variation,however,is
smaller on the stral@t than OXIthe swept-back wing and
acts anti-stall~hg, while intensifying It on the swept-
baok wing. The polars Ca(ow) agree In the range ~a=o.6
to c~u of the swept-back wing. For small ca the “~
of the swept-baak wing Is ~~rprtsingly’a “littlehigher,
while theoretically %he drag at zero lift should be

smaller by the factor 00s3 q# (W = angle of sweepbaok
of the flaps). For this drag Is largely pressure drag
from the dead air regiQa beh~d.the flaps and henoe
pe~pendiculsr to.t~e ~laps; the projection on the wind “
dtreotion gives a i’agtor 00S .~ and the reduction of’ “
the e@e@tl.v6a3rspeed”hy SO.S~ a faotor 00S2 ~.., ..- . .

3..~0-peroent flaps !f~gs. 5 and 8).+!!!heaweepbaok
reduces the c~~ from ~E7 .to IK35, due essentially to
the .deora~e @ ~u fzwnn18° to 14~4 The moment s
variation u“n @e swept-back “wl~g.wi.thpar%span.flaps
(50 perceqt) is constdeiab~y less than ow that with fullw
spanatlapq,and even 43 litijlemna~le~ than without flaps,
but also in the se~e.of lnoreasin~ angle of attack.

41% actually should be considered that the flaps
eveg on X w- wltheut sweepback assu?uea certati swept-
baok setk$ng,

—. . .
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The-induced drag of the swept-back wing is appreciably
mnaller than that without.sweepback. This is readily
apparent when considering.that the sweepback reduces the
lift accumulation produced by the flaps in wing center in
the sense of an approach to the elliptic lift distribution.

B. Yawed Flow

1. IJft.- The llft of the swe t-back wing in yaw
WIthout laps follows the law sCos p very closely,
figure 22. But with flaps considerable departure fromm
Cosep occurs, In contrast to wing No. 5. This Is due
to the fact that theswept-backwing with flaps exhibits
certain additive effects in yaw which do not occur on the
straight wing snd which ar-eessentially due to the fact
that on the swept-back wing the angle of attack is not
adjusted by rotation about the 2/?J.line as on the straight
wing. Namely, according to refer6nce (12)

Ca ?CuCos q)
1+

Ca = Coszpxcag+ ~a,~Aco~”~tan2Q X sin2~ (Cag)GO
1+2

WA

From this It follows that without flaps the law Coszp
applies, and that for flap deflection, where the lift
for a = O does not disappear, the lift of the swept-
back wing does not remain zero, when, starting from zero
lift in straight flow, the yaw Is begun with constant
angle of attack.

(lo)

>

Figure 25 represents the theoretical curves (according
to reference 10) for the swept-back wing without, with
50-percent and with 100-percent flaps, along with the
related test points. Aside from the maximum angles of
attack (separation of flow) the agreement in the first
and last case is very good: that it is less good for

50-percent flaps is not surprising, since formula (10)
was not developed for this case (the second summand
should be reduced on aocount of Induotlon).



.
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2. Ilra~. - A comparison of ‘~ “infigures 21 arid22”
*K

manifests on the swept-baok wing m“nsiderable departure
from the cos2@ curve, due probably to instrumental
Inaocuraoy, while with flaps the test points are compara-
tively well placed on the 00S ~ curve, especially for “
smaller angles of attack. Constderlng that at zero lif’t
the drag Is largely pressure drag caused by the flaps,
hence Is perpendicular to the flaps, and denoting the drag
Coefficient of a nrofile seotion nernendicular to the flap
with C*W, the ~ag (measured In-wifiddirection) of the -
yawing swept-back wing with 100-percent flaps is at small ca

Cw= *.pJ (~ -0 +Cos’(~ +P)]”*W
= (COS3= cos3p + 3 cos q-g cos p sin%pK sin2p) O*W

(11)

.-.

= Cos p
[ 11 + (3 tan2~ - 1) sin2p cwg

!..

if ~ Is the angle of sweepback of the flaps and Owg
the drag coefficient in straight air flow (and equal angle
of attack). For wing No. 9, tam = 0.554, so that the

< Cw
brackets “me almost equal unity, henae — = 00s p. With

Cwg
increasing angle of attack the Induoed drag then increases,
probably as Coszp, so that %/cwg shifts from 00S ~
toward. COS2~. This actually is the case for 100-percent

5flaps ; for 50-percent flaps the conditions are more com-
plicated on account of the induced drag existing at ca=O... . .. “

3 ● Pitching moment.- A glanoe at figure ~ shows that
the pitcning moment does not vary with cos2~ in yaw.
This is particularly..6vtdentwith.flaps. But by theory

B. itself’an~ther law must be applicable with flaps:
WZth as the zero moment of a profile section

51t Is a peculiar fact that the relationship “
Cw = cos3~~* following from the same argument for zero
lift drag of swept-back and straight wing Is not sub-
stantiated by the measurement,
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perpendicular to the 2A llne, the zero moment ~. of
the swept-back wing with full-span flaps”i’nyaw is

%0 ‘“; ~o=2@’ - ~) +“GOS2(~ + ~) ] C*MO

= (C082~cOs2~ + ah?@n2@) @Mo (12)

I and with the introduction of the term ~og = Cos%p x C*MO
resulting for ~ = O

that is, the

q,o = (c-% + tan2~ sln2P) CMog (13)

zero moment is varied by the yaw by the
summand

(4)
#..

Starting to yaw from zero lift In straight flow at constant
angle of attack the expression (13) i!oesby no means
represent the cor.pletepitching moment, since the lift
by.reason of (10) does not remain zero in yawing and
therefore contributes to the moment. So when assuming
that the neUtral-DOint pOSitiOn xN (eventually dependent
on ca) does hot vary in yaw the total difference of the
pitching moment in yaw and for straight flow 1s

q(a) - qdg(a) = %og x {tin2cg- 1) sin2~ + XN (Ca - Cag)

hence, OWiW to c~g(a) = ~g(cag)
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6Thus the moment for wing No; 9 with 100-percent flaps
In yaw is obtained by taking the ll~t coefficient ca
existing in yaw from the measurement or else cmnpute It
by formula (10), read the moment %g(ca) related to
‘this ca for straight f’lQwfrom f’igure6 (dashed ourve)
and add the second term of’(16), ~og itself being taken
from figure 6 also. The result of this calculation, shown
‘in figure ~ in comparison with the measurement, is In
good agreement. .-

Theoretlcally the moment of the swept-back wing
without flaps should behave as .COS2$, with an additive
term for 50-percent f’l~ps. But In view of the irregular
.variattonof the measured curves no detailed study was
made.

~}.Transverse force, cross-wind force~- The coeffi-

cient of.stability @ of the cross-wind force for both
d~

wings is reproduced in figure 27. Wing to the compara-
tively great instrumental inaccuracy no information con-
cerning the effect of sweepback on the smooth wing was

“?)C
obtained. However,the marked shift of < to positive

walue”sas a result of rlap deflection on the swept-back
wln~ should be real.

This shift,.can be explained as follows: With @wD
denoting,the coefficient of”piessure drag of the flaps
(at right angle to the flaps), the coefficient of’the
cross-wind force at zero llf’tis

. .. .
..

cm 1 [COS2 (~ - p) - “= (’j*w~~ 00s2 ((#f + p) ] sin ~

%inoe the formula applies to any reference point,
the subscript” n “was”omitted.

I
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..—.

and, since by (11.) in str ight flow (friction drag disc-
ounted) Cwo8

J= ~*w~ Cos m

(10)

On wing No. 9 with 100-percent flaps tan QK = 0.554 and.
ec~o

%vOg = 0.128, hence = 0.069, a value to some
aB

extent in agreement with-the measurement. Theoretically
there is another additive constituent which 1s based on
phenomena similar to the lift variation and which for the
wing in question is about of the same order of magnitude
as the effect (18), so that, speaking as a whole, there
is no agreement betwe6n theory and

l?lgure26 gives the stability

the transverse force against Cag2

te9t .

% ofcoefficient —
t)p

for both wings. With-
out flaps there is no dlfference”in the unstalled flow
regime, the a&e~Lent with the theory according to (4) is
very good even i’orwing No. 9. But with flaps the trans-
verse force of the swept-back wing is substantially less
than that of the straight wing, even though the drag 1s -..
not essentially different, so that the formula (4.)cannot
be quite correct for the swept-back wing. This is fairly
evident because of the relation for the ~ransverse force
of the swept-back wing with flaps at zero lift

hence
(19) ,
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“--and therefore --- --- -:---- . .... -

b
‘J

A value In agreement with the m~asuroments. (For the
r,, ‘comparisonthe straight part an Ca = O must be extra-

polated.) lWrther discussion oi’the ca curve would .
i Involve the induction which 1s oultted. Strictly
1 empirical it may be said that a practical agreement with

the measurement is obtained by addin~ t~ measured
%o g - Cwg to (20).

21

● Rolling moment.- ?igure 28 shows the rolling
momen due to yaw of’ he SW6pt-b&Ck and thG stratght wing
comnared with the theory accordi~ to (12). The recorded
~cL

z
values of the sweet-back wing are ccnmected by curves,

while dotted lines of the interpolation are placed through
the test point of the straight wing and which is the same
straight line for b~th the 50-percent and the 100-percent

hcL
flaps. VVhereaathe slope of — for wing No. 5 is about

&B
the same with and without f’laps;it Is appreciably weaker
for the swept-back wing with 100-percent flaps than the
nearly agr6eable slope with and without 50-percent flaps.

t)CL at
The behavior of —

(3(3
Ca = O is unusual. While the

values of the StI’ai-ghtand the swept-back wing without
b and with 50-percent flaps agree, they are far apart for

the 100-percent fla~sj-’evento-a change in prefix. These
phenomena are r~lated with the effect of flap deflection
on the swept-back wing”already discussed for.tha l~t, .
and can be theoretically explained.

. .



.- .—— .

22 ?&ACA“TMNo. 1107

Reference 12 contains two fomulas derived for the
rolling moment due to yaw as a result of sweepback, one
with induction disregarded but for any flap width

. .

the other with the induction allowed for, but which holds
only for without and with 100-percent flaps:

(22)
with (cag) = O denoting the lift coefficient existing
at a=O (and P= O), so that this term disappears for
the ting without flaps. The flaps reach from wing center .

to Fox;,. hence To = 0,5 for 50-percent flaps,

and ~. = 1 for 100-qercent flaps. The formulas give
b cL

only tineswaepback portion, so must be added to the —. aB
of the straight wing (dotted line in fig. 28), to give ‘
the total monent of the swept-buck wing.

There is no very great difference between the formulas
with and without induction. The slope of the recorde$
curves without and with 50-nercent flaps is very closely “
reproduced by tha theory; why the slope for 100-percent
flaps diminishes is not clear. The behavior at ca = O
is also very well described by the theory, while the
statement (made in reference 12) that the rolling moment
due ta yaw as a result of sweepback is twice as high
for a = O than for Oa = O is also proved correct.

bCn
6. yawing moment.- The stability factors —

b~
of “

the swept-back and the straight wing are contrasted in
figure 29. In all thrae cases the restoring moment is
increased by sweepbaok, w~ch is, largely by an increase

dCn
in the negative slcpe of - relative to 2cag .

Cp

--- . . .
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8

,“

b-

..!Khetheoretic.al.y+wln, .....
f
rnomeqtdue to yaw as a result

o’f”sweepback(reference 12 on the wing without’”flapsis

(i3)
a formula that yields too small amount. for wing No. 9
according tO figure 29. The lav~r arm 0.44 applicable to
lift distribution should probably ba replaced by a higher
value fotithe yawing momont.

The comparison”with theory for the wing with flap.
la omitted In view of’the same dlff’lcultlesas encountered
for transverse and cross-winj force.

C. llmimum Lift and Pitching Behavior

1. Maximum lifto- FIUmre 30 reprf)acntsthe correlated
cama~ of’vdn@3Tos.5 and 9 (from reference 8) It
indicate. the unfavarnble ef’fgctof’the sweepback which,
within the explored R. range i. fairly independent of
the Reynolds number, hut on the whole Is nevertheless
greatly “affectedby it, the differences between straight
and swept-back wing Increaae at first with increasing Re,
then becomG smaller again (references 1+and 6). Re~~arding
further c~u data on wing No. 9 with landing aids,
reference 9 should be consulted.

2. Pitching behavlor.- The pitching action of the
straight d th t-back trapezoidal wing was investi-
gated by ~nmetbeds~~~gestedby Ld.ebe(reference 2),
whereby a run waa made at m angle of attaok near Cama
over tfieangle of yaw. From the abrupt variations in the
coefficients, especially the.rolling mom9nt due to yaw
are subjected, certain deductions can be made, about the
probable pitching characteristic. of the wing with the
&dmittedly reatrzctive rem~rk that the behav~or of the
coefficients in the pr”esenceof fuselage, nacelle.,etc.,
may change fundamentally and that the study of individual .
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stationary coefficient measurements gives but a very
rough ploture, since the actual pitching process is the
complicated (nonstationary) interaction of’all six mmn-
ponents.

The data from the pitching measurements on wing No.
are given in figures 31 to 34. The angle c~a served

as angle of attack7. One measurement (fig. 32) was made
closely behind Cam=. Figures 32 to 34 contain two

5

independent measurements,
.-..—

one made by proceeding from thq
(almost) sound state at f3= O and equal angle of atta~
in direction of positive anglGs of ~gw, the other in
direction of negative angles of yaw. The latter measure-
ment is indicated by da~hes. This contrast of two
measurements and the gradually perceptible symmetry of
the variations (the occasional dissimilarity in the angle
being disconnected) indicates that the behavior is not
accidental but subject to u certain law, and henoe
embodies ~ chal’ticterfstiCaf the wing.

On oomparing the measurements of tkm straight with
those of the swept-buck wing (reference 8, figs. 22 to 27)
the difference in the behavior of Ca and ~ is
apperentz on the straight wing the flow separates first
in the center und chuses & greut variation in Ca snd a
nose-heavy variation in ~, while on the swept-baok
wing the flow separates first at the tips and shows
small c~ vari~tions and tail-hGavy variations in ~.
The variations in the rolling moment due to yaw whioh
presumably determino the pitching behavior most are a
little greater on the sw6pt-back than on the straight
wing, but the dtfferenc~ is not as great as might be
expected perhaps on th. bcsis of the differently located
breakdown zones. The explanation for it is that, while
on the swept-back wing the lever arm of the additional
force created by the separation is greater, the force
itself is sma~ler than on the straight wing, as proved
by the ca curve.

On both wings the mounting of flaps causes an increase
in the variations.

“(As is known c%
Y

depends on the temperature and
barometric pressure of he wind, but even at equal state
the values are not always definitely reproducible. This
explains the minor c~a differences found when com-
paring the diff~rent diagrams of the present report.
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A minor-.disslmllarity,although perhaps of’no great....
significance in both wlng”s””lii’tha~tke”‘tFfis&etiseforoe
“of-thestraight wing is ~lways near zero for strai@t
flow even in the separated state, while It can assume
fairly high values on the swept-baak wing, especially ~
when fitted with flaps. The reason for it is clear:
on the straight wing the resultant force of half the wing
Is parallel to the plane of symmetry at p = O, and
therefore parallel to the wind, while on the swe t-back .
wing it IS largely perpendicular to the.local tL line
and so can furnish a component perpendicular to the wind.

Summing up it may be presumed on the basis of the “ .
discussed measurements, that the swept-back wing by reason
of the somewhat greater variation in rolling moment due
to yaw and the stalling act.1.n~variation In pitching
moment is more unfavorable than the straight wing, aside
from its substantially inferior aileron effect.

Translation by J. Vanier
National Advisory Committee
for Aeronautics

● ✎ ✎ ✎

- .. — —- -
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Figure 2. Dimensions of model—wing NO. 5
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Fig.3

figure 3. WingNo. 5 withfhll-span(1009 splitflaps
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without, with 50$ aud 10@ flaps.
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